Terminalia catappa has been used traditionally in some African countries as shade tree and to a large extent in managing diverse medical ailments including infectious diseases. This study was designed to elucidate the phytochemical constituents and antibacterial activity of the leaf extracts of the plant. The leaves were air dried, powdered and extracted using 95% ethanol and water. The extracts were then screened for preliminary phytochemical constituents and antibacterial susceptibility testing using cup plate method on nutrient agar. The extracts revealed the presence of carbohydrates, tannins, cardiac glycosides, flavonoids, saponins, terpenes and alkaloids. The antibacterial screening of the extracts against clinical isolates of Staphylococcus aureus, Escherichia coli and Klebsiella species showed a dose dependent inhibitory activity. Gentamicin was used as positive control. The antibacterial activity of the extract with respect to different strains and positive control was significant which justifies its traditional use as an anti-bacterial agent.
Introduction
Nature has been always a source of diverse medicinal agents and till now a remarkable number of modern drugs have been isolated from natural sources and numerous of these isolations were based on the use of these agents as traditional medicines plant based traditional medicine system continues to play an essential role in health care, with about 80% of the world's population relying mainly on traditional medicines for their primary health care [1] . Plants with potent bioactive constituents are regarded as machinery of phytomedicine. Plant based natural bioactive constituents can be derived from any part of the plant like leaves, barks, stems, flowers, roots, seeds etc [2] depending upon the concentration of the desired constituent in the respective part. Antimicrobial agents of plant origin have enormous therapeutic potential. They are effective in the treatment of infectious diseases while simultaneously mitigating many of the side effects that are often associated with synthetic antimicrobials. Given the alarming incidence of antibiotic resistance in bacteria, there is constant need for new and effective therapeutic agents that can combat the resistance. Therefore there is an alarming need to develop alternative antimicrobials drugs for the treatment of infectious diseases from medicinal plants [3] .
According to World Health Organization, medicinal plants would be the best source to obtain a variety of drugs. Therefore, such plants should be investigated for better understanding of their properties, safety and efficacy [4] . Plant based antibacterial agents represent a vast untapped Advances in Biomedicine and Pharmacy (An International Journal of Biomedicine, Natural Products and Pharmacy) source of medicines even after their enormous therapeutic potential and effectiveness in the treatment of infectious disease; hence, further exploration of plant antibacterial needs to occur [5] . The screening of plant extracts and their products for antibacterial activity has shown that, higher plants represent potential sources of novel antibiotic prototypes [6] . Even though hundreds of plants species have been tested for antibacterial properties, the vast majority of them have not yet been evaluated. The plant Terminalia catappa is a large tropical tree in the Leadwood family, Combretaceae that grows mainly in the tropical regions of Asia, Africa and Australia. The leaves have been shown to protect against acute liver injury produced by some hepatotoxicants. In Taiwan, fallen leaves are used as herb to treat liver disease [7] and as a potential lead in the management of sickle cell disorders [8] and some socio-cultural uses. The aim of present study was to justify scientifically the basis for traditional use of this plant in the management of infectious diseases.
Materials and Methods

Plant collection, identification and preparation
Fresh leaves of Terminalia catappa were collected in the month of February, 2015 in the staff quarters of the University of Maiduguri Borno State and identified by a plant taxonomist in the Department of Biological Sciences, University of Maiduguri, Borno State. The plant was dried under shade for 7 to 14 days. Dried stem bark was grounded in powder using mechanical milling machine and stored in an air tight container till further use. One thousand gram (1000g) of the powdered stem bark of Terminalia catappa was weighed and de-fatted using petroleum ether for 24 hours, the marc was dried and soaked in 1500 ml of ethanol for 24 hours at room temperature with occasional mechanical shaking. The filtrate obtained were concentrated using rotary evaporator to concentrate the extract and then air dried. The percentage yield of the dried extract was then calculated using the formula below: Percentage yield =X/Y x 100%; where X = weight of the dried concentrated extract, Y = weight of the dried powdered plant.
Phytochemical screening
Basic phytochemical screening was carried out based on standard method described by Trease and Evans [9] and Sofowora [10] to test for the presence of alkaloids, tannins, saponins, carbohydrates, glycosides, reducing sugars, phlobatanins, flavonoids and terpenoids.
Bacterial Strains
Clinical isolates of the bacterial strains (Staphylococcus aureus, Escherichia coli and Klebsiella pneumonia) were obtained from the Department of Microbiology, University of Maiduguri Teaching Hospital (UMTH).
Preparation of media for antibacterial screening Sterilization of the equipments and disinfection
All the working surfaces were moped with moist rag and was disinfected with cotton wool soaked in dettol (disinfectant) to prevent contamination during experimentation.
Dry and moist heat sterilization
A hot air oven was used to sterilize the conical flasks, forceps, wire loop, pipettes, and beakers at 160˚C for 45 minutes. All the materials used in the course of this study that are not sensitive to moist heat sterilization were adequately sterilized using autoclave. Materials such as glass wares, conical flasks were properly washed with detergent and water to removed dirt and contaminants and were allowed to dry prior to usage. These materials were then sterilized in a portable laboratory autoclave at 120 o C for 15 minutes.
Preparation of the nutrient agar plate
Nutrient Agar was prepared by dissolving 28 g of the agar in one litre of distilled water and then covered with aluminium foil. The media was boiled to dissolution and then sterilized at 121˚C for 15 minutes. The media was allowed to cool to 45˚C and 20 ml of the sterilized medium was poured into the sterile petri dishes and allowed to cool and solidify. The plates were dried at 37˚C for 30 minutes and then used for well diffusion method. The microbes were spread evenly over the surface of the medium with the aid of glass spreader at which the cup, were bored.
Antibacterial screening of using cup plate method
Prepared agar plate was evenly spread with test organisms and 3 cups or holes were bored on the surface of the prepared plate using standard cup borer of 8mm in diameter. Gentamicin (0.4 mg/ml) was poured into a hole in the centre, being it as the control. Ten grams (10 g) each of the extract was dissolved in 10 ml sterile distilled water to make an initial concentration of 1000 mg/ml. These were then serially diluted using 1:1 to produce concentrations of 500 mg/ml, 250 mg/ml and 125 mg/ml and were poured into different holes respectively. The bacterial plates were then incubated at 37˚C for 24 hours and observed for the zone of inhibition of growth. The zones were measured with a transparent ruler and result recorded in millimeters. The screening was done using 5 replications of culture plate. Sterile distilled water was used as negative control.
Statistical Analysis
The results were analyzed with Graph Pad Instat software using pooled student's t-test. A p<0.05 was considered significant, p<0.01 was considered highly significant and p<0.001 was considered extremely significant.
Results Analysis Preliminary phytochemical screening
The preliminary phytochemical screening of the aqueous and ethanolic extracts of Terminalia catappa leaf showed the presence of alkaloids, carbohydrates, flavonoids, glycosides, reducing sugars, saponins and tannins. Steroids and terpenoids were not detected in the aqueous extract, while phlobatannins was absent in both the extracts (Table 1) .
Antibacterial activity of aqueous leaf extract of Terminalia catappa
The activity of the aqueous leaf extract of Terminalia catappa against Escherichia coli and Klebsiella species were observed to be dose independent, while the activity against Staphylococcus aureus was dose dependent. The activity of gentamicin used as control in this study against the tested organisms was found significantly higher than the tested doses of aqueous leaf extract (p<0.01) ( Table 2 ).
Antibacterial activity of ethanol leaf extract of Terminalia catappa
Dose dependent antibacterial activity of the ethanolic leaf extract of Terminalia catappa was found against Escherichia coli (table 3) while the activity of the extract against Klebsiella pneumoniae and Staphylococcus aureus were observed to be dose independent(table 3) There was a significant difference between the activity of gentamicin and the extract at all the tested doses (p<0.001). However, the activity of gentamicin against Klebsiella pneumoniae was statistically significantly higher than 500 mg/ml of the extract (p<0.05). 
Phytoconstituents Results
Aqueous
Discussion
The phytochemicals detected in the aqueous and ethanolic leaf extracts of Terminalia catappa in this study are in agreement with several literature reports in which similar active compounds have been reported [11] [12] [13] [14] [15] . However, Muhammad and Mudi [14] did not report the presence of flavanoids in the ethanolic leaf extracts. Godi and his colleagues [12] conducted a physicochemical analysis on the kernels of Terminalia catappa and reported the presence of ash, proteins, sugars, lipids, reducing sugars, and acid peroxides.
The antibacterial activity of leaf extracts of Terminalia catappa plant observed in this study have been attributed to the presence of phytochemical compounds like saponins, tannins and flavonoids contained in them which is in agreement with the report of Nwankwo and Ukwaegbu [11] in which similar observations was made where the extracts have shown significant antibacterial activities against the clinical isolates tested. In the present study, we have found gentamicin statistically significant compared to the extract against tested organisms which is in contradiction with the reports by Sumitra and his [16] in which the methanolic extract exhibited the strongest inhibitory effect on the tested bacteria as compared to standard antibiotics. However, it was observed that the extracts in the present study are more active against the gram negative organisms than the gram positive which again contradicts the work of Sumitra et al [16] in which activity on gram positive bacteria predominates. This discrepancy may be due to the difference in the solvent system used. Muhammad and Mudi [14] reported the antibacterial activities of the nhexane soluble fraction, choloroform soluble fraction, ethylacetate soluble fraction and aqueous/methanol soluble fraction against E. coli and Salmonella typhi which formed a baseline data for the candidacy of these fractions as antityphoid drugs. Despite of the fact that the leaf extracts inhibited the growth of the test organisms, the satisfactory result obtained on the efficacy may have been greatly affected by the variations in the leaves that were collected at different stage of their development. The extracts show appreciable dose dependent broad spectrum antibacterial activities against S. aureus, E. coli and K. pneumonia that are known to cause majority of the community and hospital acquired infections [17] .
Conclusion
The leaf extract of T. catappa contains numerous bioactive compounds that are responsible for its antibacterial properties. The extract have shown dose dependent as well as dose independent growth inhibition against different bacterial strains which justifies, the use of this plant in traditional medicine for the treatment of Infections. However, further studies are wanted in order to understand the exact mechanism of action.
